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Effects of Base Oils on Performance of Automatic Transmission Fluid

Woo Sik Moon, Si Won Yang
Daeduk Institute of Technology, SK Corporation

Abstract — Until recently performance requirements for automatic transmission fluids have continued to change to
reflect the design changes of automatic transmission. The major purpose for these design changes is to improve the fuel
economy and easy driving. To meet recent performance requirements for automatic transmission the needs for special
base oils like API Group III and IV base oils become larger. In this paper to evaluate the effects of base oils on
performance of automatic transmission fluids formulated with API Group I, II, IIl and IV and Dexron I and Mercon
Type additive package, Brookfield viscosity, oxidation test, SAE No.2 friction test and seal compatibility test were
examined. From the test we knew that the use of Group 1l and IV base oils in ATF has several benefits in low
temperature viscosity, oxidation stability and SAE No.2 friction characteristics.
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Table 2. A8 71H 8 A4

API Base Oil Group ! i} 1] 1\
Properties BO-1|B0O-2|{B0-3|BO4
Specific Gravity 0.864 | 0.855|0.834]0.819

Kinematic Viscosity @-20C, ¢St
@ 40°C, ¢St [20.08/20.20{19.57{17.10
@100°C, cSt| 413 1 4151423 ] 3.86

Viscosity Index 106 | 107 1 122 | 127
Flash Point, C 220 | 214 | 218 | 224
Pour Point, T g { -10 | -15 | -57
Sulfur, wt% 0.58 | 0.03 | 0.00 | 0.00
Aro.,vol%(HPLC) 277 | 35 | 08 0.0
Aniline Point, C 100 | 105 | 113 | 115
A7tA2E GM AL Dexron ¢t Ford AF9

Mercon 4% T42¢ HFste AFHE7IF H7L
A ZHEE ogrlo= A A, riEA, 3
BB, WAA, AZA, vFZ2AA, FEAF
kAl o] XgE Aot of AAE 49 o
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AL FAeE Bol ARHR v BHYE IR
(Brookfield Viscosity)2} 1 A1ztol] 1014 £=& 2
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Table 4. SAE No.2 28237

. GM Ford

o& z3 A 4 B Dexron Il Mercon JSAO
Friction Material SD 1777X - SD 1777 SD 1777 SD 1777
Friction Material Size(0.d./i.d.), mm 127/104 A= 125.4/90.5 133.4/98.8 126.5/105
g:::::)Arrangement(F= Friction Plate, S= Steel S-F-S- S-F-S - S-F-S-S-F-§ S-F-5-S-F-S | S-F-S-F-S-F-S
Fluid Volume, L 0.30 . 0.65 0.30 0.60
Fluid Temperature, C 120 140 140 115 100
Energy, J 16,909 = 15,700 20,740 24,350
Inertia, kgm2 0.343 - - - 0.343
Dynamic Test Speed, rpm 3,000 - 3,600 3,600 3,600
Static(Breakaway) Test Speed, rpm 0.7 - 0.72 4.37 0.72
Apply Pressure, kPa 441 - 345 275 785
Effective Radius, mm 57.8 - 54.0 58.1 57.4
Gross Friction Area, mm2(per surface) 4171 - 5,920 6,310 3,910
Total Gross Friction Area, mm2 16,684 — 23,680 25,240 23,460
Groove Type Grooved — none grooved none
Net Friction Area, mm2 13,228 - 23,680 16,384 23,460
Cycle Length, s 30 - 20 20 30
Test Cycle 10,000 e 18,000 15,000 5,000
Test Duration, h 83.3 s 100 83.3 41.7
Energy per Total Net Friction Area, 1.013 - 0.663 1.266 1.038
J/mm2
Energy per ATF Volume, JiL 56,400 “— 24,200 69,100 40,600
gz:‘n‘gac‘:';fn;’:zg}'e:fi‘j’bed 169,090 - 262,600 311,100 121,750
Test Severity Index * 5.11 5.97 2.57 7.28 0.86

* 22 8: A8 %ol Cu, Fe st 2+ 40ppm o}

HT & §44 &) Copper Naphthenate S} iron Naphthenate & %<
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Table 5. 2t S8V F& A2 AFALIHF BA &4 A

Properties ATF-1 ATF-2 ATF-3 ATF-4 s:;’:;‘::';t"':m sp::;‘;:'t‘ion
Specific Gravity 0.8649 0.8605 0.8438 0.8309
Kinematic Viscosity @40°T, oSt 37.65 36.73 33.42 29.41
@100, cSt 7.670 7647 7382 6.836 6.6 Ol&

Viscosity Index 179 84 196 204
Brookfield Viscosity @-20C.cP 7420 1570 1070 670 1,500 Olaf | 1,500 O/3F

@-30C cP 5230 6140 2570 1520 5,000 Ol3F

@-40T cP 26500 44250 9360 4150 20,0000/3f | 20,000 Ol&F
Pour Point, 'C -47.5 -45.0 -52.5 <-52.5
Aniline Point, TC 100.8 706.6 T15.0 1198
TAN, mgKOH/g 0.78 - - =
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Base Oil Sulfur Saturates  Viscosity
Category (%) (%) Index
Group | >0.03 And/or <90 80 to 120
Group Il < 0.03 and =2 90 8010 120
Group i < 0.03 and = 90 = 120
Group IV All polyaiphaolefins(PAOs)
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